Reuse of agricultural waste materials is a smart solution for reducing their environmental impacts and increase economic value. Spent coffee grounds (SCG) is worldwide generated in tremendous amounts. The objectives of this study were to optimize a method to extract humic-like substances (HLS) from SCG using KOH extractant, prepare a liquid organic-mineral fertilizer enriched with N and P in addition to K, and to evaluate this fertilizer on growing maize (Zea mays L.). HLS extracted from SCG increased with KOH concentration up to 3 N and with extraction ratio up to 1:10 at room temperature. Increasing the temperature to 50 and 80 °C and contact time up to 3 h, significantly enhanced HLS recovery. Therefore, the optimum conditions for maximum HLS extraction were; 2 N KOH, SCG-to-extractant ratio of 1:10, 3 h of contact time, and 80 °C. Adjusting the pH of the alkaline K-HLS supernatant to pH 6 was achieved using a mixture of HNO 3 and H 3 PO 4 . The prepared NPK mineral-organic fertilizer (NPK-HLS) was dark brown containing 2.0/5.8/8.6 as N/P 2 O 5 /K 2 O and 5.1 %w/v HLS.
INTRODUCTION
World coffee production recorded about 9.39 million tons for the year 2015/16 and it is expected to increase in the future (USDA, 2016) . Large amounts of residual materials known as spent coffee grounds (SCG) remained after brewing coffee with hot water or steam. Production of 1 kg instant coffee generates 4 kg of SCG (Punnet, 1958) with total amount of 6 million tons of SCG worldwide each year (Mussatto et al., 2011) .
Presently, some manufacturers of instant coffee use SCG as a fuel to generate steam from industrial boilers because of its high calorific value or otherwise, highly moist SCG is disposed to landfills (Silva et al., 1998; Chiyanzy et al., 2014) . The disposal of SCG represents a potential hazard to the environment and requires waste management plans compatible with the regulations of each country (Campos-Vega et al., 2015) . If SCG can be reused or recycled, this will increase its value and will minimize subsequent environmental problems. Ballesteros et al., (2014) found that SCG is a sugarrich lignocellulosic material with high levels of insoluble, soluble, and total dietary fibers. It has also functional properties including water-and oil-holding capacity, emulsion activity and stability. A low-cost activated carbon or biochar produced from SCG through pyrolysis was used in the adsorption some heavy metal ions (Jutakridsada et al., 2015) , phenols (Alves et al. 2015 ) from aqueous solutions, removal of acid and basic dyes (Namanea et al., 2005) and colors (Chinmai, et al., 2014 ) from wastewater and production of high performance electric double-layer capacitors (Kamikuri et al., 2014) .
SCG cannot be considered as a simple vegetable compound (Cruz et al., 2012) . Its direct application to the soil reduced the growth of broccoli, leek, radish, viola and sunflower plants regardless of soil type and fertilizer additions (Hardgrove and Livesley, 2016) due to some phytotoxic effects of SCG; especially caffeine. However, its application at low rates (2.5 to 10% v/v) in a greenhouse experiment with lettuce (Lactuca sativa L.) improved the biomass, chlorophylls, -carotene, and lutein levels compared to the control. Nevertheless, the organic nitrogen contents of plants were decreased (Cruz et al., 2012) . Treating a calcareous subsoil (pH= 9.3) with different rates of composted SCG, containing 40 mg Fe kg -1 dry weight, improved soil Fe phytoavailability compared with the soil treated with only ferrous sulfate (Morikawa and Saigusa, 2008) . This might due to its content of organic compounds such as fatty acids, amino acids, polyphenols, and polysaccharides (Campos-Vega et al., 2015) .
Organic-mineral fertilizers, containing humic substances (HS) have been used in agriculture to supply plants with their nutritional needs and to improve soil properties as well (Knany et al., 2009) . HS can be extracted from soil, leonardite, compost, peat, and composted plant residues using alkali extractants such as NaOH, NaOH + Na 2 P 2 O 7 , or KOH (Hayes and Swift, 1978; Schnitzer, 1982; Huculak-Moczka et al., 2018) . The use of NaOH, despite its low cost, has undesirable effects on soils and plants when included in a fertilizer especially in salt affected soils. Instead of NaOH, potassium hydroxide (KOH) was used to extract HS from organic materials (Valdrighi et al., 1996 , SuarezEstrella 2008 , Hoculak-Maczka et al., 2018 . It is preferred not only because potassium is an essential nutrient for plants, but also because KOH proved to be the most efficient among other alkali agents in extraction of HS from the HS source materials (Gracia et al., 1993; Stevenson, 1994; Asing et al., 2009) . It was also efficient in extracting bioactive substances including natural growth hormones and biostimulants (Anon, 2004) . As suggested by Asing et al. (2009) , the smaller ionic size of K + causes intra-and intermolecular charges of HS to expand more than with Na + . The objectives of this study, therefore, were to: optimize a procedure to extract humic-like substances (HLS) from spent coffee grounds, prepare a liquid organic-mineral fertilizer based on the extractable HLS, and evaluate the effect of the prepared fertilizer on maize (Zea mays L.) growth and NPK uptake.
MATERIALS AND METHODS 1-Spent Coffee Grounds (SCG):
Coffee ground, finely ground Brazilian brand (< 0.5 mm), was obtained from the local market in Alexandria, Egypt. The coffee ground was brewed according to the tradition Arabian recipe. One kilogram of coffee grounds was cooked in 3.5 L of tap water. The brew was discarded and the solid residual spent coffee grounds (SCG) was freely drained, then air dried. The air-dried SCG was gently segregated using a porcelain crucible and packed in a plastic container for later use.
2-Extraction of HLS from SCG:
To optimize the extraction procedure of alkali extractable humic-like substances (HLS) using KOH from SCG, the effects of KOH concentration, temperature, SCG-to-extractant ratio, and contact time were investigated. Firstly, 5 g of SCG was shaken with 0, 1, 2, 3, 4, and 5 N of KOH at three SCG-to-extractant ratios (1:5, 1:10, and 1:20) in polypropylene conical flasks. The shaking was carried out at 120 rpm on a horizontal shaker for 24 h at room temperature ( 25 C). The suspension was then centrifuged at 1000 rpm for 5 min to obtain the supernatant. Organic carbon (mg OC g -1 SCG) in the supernatant was determined by the wet oxidation procedure (Bremner and Jenkinson, 1960) as an indicator for the HLS percentage (HLS %). KOH concentration and the ratio of SCG-to-extractant which gave the significantly highest HLS % were assigned (C KOHmax and R max , respectively).
Secondly, the effect of temperature (25, 50, and 80 °C) on the HLS % was investigated using the assigned C KOHmax and R max . SCG-extractant suspensions were heated in an electric oven to 50 and 80 °C, periodically shaken for 24 h, the supernatant was obtained and OC was determined as previously described. The optimum temperature that gave the significantly highest HLS % was assigned (TMP max ).
Finally, the effect of contact time between SCG and the KOH extractant was tested. Equilibration of 5 g SCG with KOH extractant was conducted for 1, 2, 3, 4, 5, 12 and 24 h under C KOHmax , R max , and TMP max combination assigned from the previous two experiments and OC was determined in the supernatant. The contact time which gave the significantly highest HLS % was identified (T max ).
3-Preparation of the liquid fertilizer:
The most efficient extraction procedure obtained from the preceding experiment was used to extract the HLS from SCG for fertilizer preparation. The obtained supernatant was enriched with N and P by adjusting the pH of the alkaline K-HLS supernatant at 6.0 using 8.0 N HNO 3 and 8.0 N H 3 PO 4 . The resultant fertilizer is a mineral-organic solution containing N, P and K nutrients and the HLS extracted from SCG (denoted herein as NPK-HLS).
4-Application of the prepared NPK-HLS to maize plants:
A pot experiment was conducted in a greenhouse to test the effect of NPK-HLS on N, P, and K phytoavailability and growth of maize plant (Zea mays L.). A soil sample (Typic calciorthids, sandy clay loam, EC= 1.5 dS m -1 , pH= 8.12 , CaCO 3 = 14 %) was collected from West Nubaria, Behira Governorate, Egypt. The soil sample was air-dried, ground and sieved to pass < 2 mm sieve. PVC pots (25 cm diameter x 15 cm height) were packed with 3.0 kg soil. Six maize seeds were planted in each pot and tap water (EC = 0.4 dSm -1 ) was used for irrigation to maintain the moisture content of the soil at about 60 % of its water holding capacity. A week after sowing (WAS) the number of seedlings was thinned to 3 plants pot -1 . Two WAS, the prepared liquid fertilizer (NPK-HLS) was applied with irrigation water based on P at three application rates (0.0, 125, and 250 mg P pot -1 ). These treatments were tested with and without a pre-planting basic fertilizer (BF) dose (50 mg P pot -1 as superphosphate and 50 mg N pot -1 as NH 4 NO 3 ). NPK-HLS fertilizer rates were split to be applied twice a week for further 4 weeks. A control treatment which received neither BF nor liquid fertilizers was included. The treatments were applied according to the completely randomized block statistical design with triplicates for each treatment.
Maize plants (shoot and roots) were harvested 6 WAS. Fresh and dry (oven-dried at 72 °C) matter of both shoot and roots were measured. Plant dry matter was ground, and subsamples were dry-ashed at 500 °C then dissolved in 6 N HCl. P and K concentrations were determined in the aliquots using the vanado-molybdate method and flame photometer, respectively (Chapman and Pratt, 1961) . Representative soil samples were collected from each pot for the determination of available soil P and K. Available soil P was extracted using 0.5 M NaHCO 3 (pH 8.5) according to (Olsen and Sommers, 1982) and P concentration was determined photometrically using the ammonium molybdate procedure (Murphy and Riely, 1962) . Available soil K was extracted using 1.0 N NH 4 AOc according to (Knudsen et al., 1982) and K concentration was determined using a flame photometer.
Statistical analysis of the data obtained was carried out using the CoStat software package (CoHort, 2004) . Comparisons between means were tested using the least square difference technique of Student-Newman-Keuls at 5% significance level (LDS .05 ).
RERSULTS AND DISCUSSION

Optimum conditions of extracting HLS from SCG Concentration of KOH and SCG-Extractant ratio:
Figure (1) shows the influences of KOH concentration and the SCG-to-extractant ratio at room temperature on the HLS % (g HLS/100 g SCG). Data revealed that using the alkaline solution of KOH resulted in a substantial increase in HLS % compared to the extraction with distilled water (0.0 N KOH). Average HLS % increased from 2.86% for distilled water to 24.15% for 1.0 N KOH extractant (LSD .05 = 1.65). Increasing KOH concentration from 1 to 2 N increased the activity of K + to react with acidic functional groups on SCG that led to a significant increase of HLS % to 27.17% (Fig. 1) . Further increase in the concentration (up to 5.0 N) seemed to have an oxidative disruption effect on organic molecules (Stevenson, 1982 ) that led to insignificant increase of HLS yield. The optimum concentration of KOH extractant seemed to depend on the HS source material; 0.25 N KOH for coal and compost (Asing et al., 2009 ), 3.5 N for leaching HS from leonardite (Canieren et al., 2017) , and 0.5 N or lower for peat (Saito and Seckler, 2014) .
For all KOH concentrations, SCG-to-extractant ratio significantly affected the HLS % (Fig. 1) . Increasing the 10 SCG-to-KOH extractant ratio at different temperatures SCG-to-extractant ratio from 1:5 to 1:10 significantly increased the HLS % from 16.67% to 28.59%, respectively (LSD .05 = 2.55). However, widening the ratio to 1:20 significantly reduced the HLS yield to 21.06% (Fig. 1) , due probably to the excessive dilution of the extracted HLS. The ratio 1:10 was preferred by many authors (Swift, 1996; Anon, 2004; Suarez-Estrella et al., 2008; Asing et al., 2009 ) for the recovery of HS from varies organic materials. In the present work, the extractant concentration of 2.0 N KOH (C KOHmax ) and the SCG-to-extractant ratio 1:10 (R max ) were considered the optimum conditions for obtaining the significantly highest HLS % from SCG at room temperature.
Temperature:
Data of the effect of temperature on HLS % using 2.0 N KOH and 1:10 SCG-to-KOH extractant ratio (C KOHmax and R max , respectively) are shown in Fig. 2 . Since rate of chemical reactions is proportionally increased with temperature, extraction of HLS from SCG was significantly increased by increasing the temperature from 32.11% at 25 °C (ambient 
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temperature) to 44.21% and 50.05% at 50 and 80 °C, respectively. Increasing the temperature seems to increase the rate of the hydrolysis reaction and enhanced the efficiency of HLS extraction using KOH. Further increase in temperature above 80 °C was avoided to prevent destruction of the HLS molecular structures at higher temperatures (Yamamoto et al., 1994; Canieren et al., 2017) . The temperature of 80 °C was assigned to be the optimum temperature for maximum HLS % (TMP max ).
Contact time:
Contact time (Fig. 3) had pronounced effect on HLS yield under C KOHmax , R max , and TMP max . At the beginning of the extraction process, KOH removed the more easily solubilized organic fractions of SCG (Asing et al., 2009) . Increasing the contact time enabled KOH to attack the more recalcitrant fractions. In the present work, increasing the contact time from 1 to 2 and 3 h significantly increased HLS % from 44.12 to 47.62 and 51.11%, respectively (LSD .05 = 2.07). On the other hand, further increase of the contact time (up to 24 h) had an insignificant effect on HLS %, indicating that the HLS reservoir was exhausted. Stevenson (1994) and Asing et al. (2009) suggested that increasing HS recovery using caustic alkali from soils and leonardite with extraction time can be attributed to the slow de-polymerization of molecules of high molecular weights. Accordingly, the contact time of 3 h was selected as the optimum equilibrium time for maximum HLS % (T max ).
NPK-HLS Fertilizer:
The assigned optimum conditions (C KOHmax , R max , TMP max , and T max ) for HLS extraction from SCG were then applied to obtain an adequate amount of the HLS supernatant. After pH adjustment at 6.0 (using HNO 3 and H 3 PO 4 ), the NPK-enriched HLS supernatant was considered as a liquid fertilizer (NPK-HLS). The main properties of the NPK-HLS fertilizer are listed in Table  1 . NPK-HLS is a liquid organic-mineral fertilizer having a dark brown color. It has N/P 2 O 5 /K 2 O contents of 2/5.8/8.6 % and 5.1%(w/v) HLS. The application of NPK-HLS fertilizer may have benefits of plant nutrition and improvement of soil condition for its NPK and HLS contents, respectively. The fertilizer can be applied, after suitable dilution, either to the cultivated soil with irrigation water or as a foliar application.
Effect of NPK-HLS Application on Maize Growth and NPK Uptake:
Direct application of SCG to the soil especially in high rates resulted in negative effect on plant growth (Cruz et al., 2012; Hardgrove and Livesley, 2016) . Caffeine and chlorogenic acids in SCG might be toxic to soil microorganisms and plants. Extraction of HLS from SCG and producing a liquid fertilizer which can be applied at low rates may overcome such toxic effects. Also, Alkali extracts of SCG were found to contain polyphenoles, lignin, and many polysaccharides such as galactose, arabinose, glucose and mannose (Pujol et al., 2013; Ballesteros et al., 2015) , and it had antioxidant properties that can be utilized as a good source of hydrophilic bioactive compounds (Bravo et al., 2012; Acevedo et al., 2013) . The application of such compounds through the NPK-HLS fertilizer to the soil could have stimulation effect on root growth and activity of plants thus enhanced their nutrient uptake and plant growth.
The prepared fertilizer was tested for its effect on maize growth and NPK uptake in a pot experiment. Average maize shoot and root dry matter (g pot -1 ) and their statistical significance and LSD .05 values are listed in Tables 2 and 4 , respectively. Statistical analysis revealed that there was high significant effect of NPK-HLS application on increasing shoot dry matter compared to the untreated soil (Table 4) . Application of NPK-HLS resulted in an increase of 157 % in shoot dry matter compared to the untreated soil. Increasing the application rate from NPK-HLS1 (125 mg P pot -1 ) to NPK-HLS2 (250 mg P pot -1 ) did not significantly increase the shoot dry matter (LSD .05 = 0.37). However, no significant differences were found between means of root dry matter due to the application of NPK-HLS compared to the untreated soil (0.85 g pot -1 ). In addition, insignificant effects were found due to application of the basic fertilizer (BF) before planting on shoot and root dry matter (Table 4) .
Mean values of N, P and K uptake (mg pot -1 ) are listed in Table 3 . It was observed that N, P and K uptake by maize were significantly influenced by the application of NPK-HLS (Table 4) . Mean values of N uptake (Table 3) ). The increase in the uptake of N, P and K by maize plants in the tested soil might also due to the improved solubility and availability of nutrients in the soil by the chelation effect of humic substances included in the tested NPK-HLS fertilizer (Piccolo, 1996; Ghabbour and Davies, 2005; Campos-Vega et al., 2015) . However, this effect cannot be exclusively explained from the present work and needs more investigations. The soil used in this study was low in available N, K and P. Measured K and P after harvest of maize were 82.2 and 5.4 mg kg -1 soil, respectively. Available N, P, and K were significantly higher due to the application of BF and/or NPK-HLS compared to the control (data not shown). Application of NPK-HLS1 increased soil-K by 328% and soil-P by 548% compared to the control. Increasing the NPK-HLS application rate from NPK-HLS1 to NPK-HLS2 did not significantly affect neither N, P or K uptake (Table 3 ) nor residual K and P available in soil (not shown). Although application of BF significantly increased mean N uptake from 57.01 to 66.34 mg pot -1 (LSD .05 = 7.97), it had no significant influence on both P and K uptake under the two NPK-HLS application rates (Table 4) . CONCLUSION The optimum conditions for extraction of humic-like substances from SCG were 2.0 N KOH at 1:10 SCG-toextractant ratio, 3 h reaction time and 80 °C. The adjustment of the pH of the alkaline K-HLS supernatant at 6.0 by HNO 3 and H 3 PO 4 gave a liquid fertilizer containing 2.0/5.8/8.6 (N/P 2 O 5 /K 2 O) and 5.1% (w/v) HLS. Application of this fertilizer enhanced maize growth, NPK uptake, and NPK availability in the tested soil. The proposed method is a new prospective to valorization of such SCG waste material through a short, easy and cheap extraction procedure and the preparation of a liquid mineral-organic fertilizer. 
